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A prospective computed tomographic 
(CT) shidy was pescfomied to deter- 
mine the prevalence of liing changes 
in smokers. The. study group coin- 
pxisfBd 175 healthy adult volunteers 
(current ^Hiokets; n ™ ex-sinpker»^ 
n = 26; nonsmpkeis^ n = SI), The suIj- 
|ects underwent clinical examination, 
pulmonaEy functioii tests, chest radi- 
ography^ and conventional and high^ 
resolutibn CT (HRCT). SigniEcant 
dLBF^rences between current smokers, 
ex-smoket«, and nonsmoket« were 
observed v«th HRCT in the identifi-^ 
cation 9f sul>pleura {P ^ .11) and 
parenidjiymal (F < iOOl) r^croBod- 
ules> ernpliyserna (P f. JOOi), and 
areas of ground-glass atteniiatibn 
(F = .0001), AU spb|etfcs ha^i n 
pulmloiiary ^nction^ P 
micrbhodules; arfca s oif grouhd-^la ss 
attenitafion, and emphysema were 
oib^eirvM With a signiBcant predoin- 
inance: in the upper lung zones 
{P < *01)- Presente of emphysenia 
and abnormal broriichial wall thick- 
ening were the only HRGT signs as- 
sociated with significantly lower val- 
ues of functional parameters. These 
data support the concept that paren- 
chymal abnormalities can be detected 
in healthy smokers with normal End- 
ings at che$t radiography and pulmo- 
nary function tests^ 
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IF emphysematous changes and 
chronic inflammatory lesions of 
the bronchial tree are common conse- 
quences of chronic cigarette smoke 
exposure^ there is abtindant patho- 
logic evidence supporting the notion 
that early changes occurring in the 
lungs of smokers are characterized by 
inflammatory changes in the lower 
respiratory tract (1-10). Thiese 
changes consist of an accumulation of 
plgment"!aden macrophages in respi- 
ratory bronchioles, the hyteark of 
small airways disease, and are usually 
observed with various degrees of 
bronchiolar inflammation and fibrosis. 
The latter is considered the most im- 
portant feature responsible for abnor- 
malities in small-airways function 
tests (5^7). 

Siriall-airways inflammation is con- 
sistently associated with increased 
alveolar cellularity (mainly compris- 
ing pigment-laden macrophages) and 
interstitial anthracosis> the latter cor- 
resp6riding to deposition of free to- 
bacco smoke particles or particles 
phagocytosed by macrophages within 
the interstitium. Although the most 
severe lung changes can be evaluated 
with clinical examination^ pulmonary 
function tests^ and chest radiography, 
there is general consensus that these 
examinations are of limited value in 
the assessment of early pathologic 
changes that are usually considered 
to be subclinical abnormalities. 

The concept of an early and revers- 
ible stage of chronic obstructive pul- 
monary disease in healthy smokers 
and the ability of computed tomogra- 
phy (CT) to depict mild alterations in 
lung parenchyma have raised the hy- 
pothesis that lung lesions in smokers 



could be detected early with this tech- 
nique. Our study was designed to 
assess lung changes in apparently 
healthy smokers on CT scans and to 
correlate them with results of pulmo- 
nary function tests. 

MATERIALS AND METHODS 
Subjects 

From December 1989 to June 1991, we 
prospectively evaluated 230 healthy adalt 
volunteers for whom a social, medical, and 
smoking history Was available. These vol- 
unteers, all urban dwellers, werie recruited 
from hospital workers in bur institution 
. and contacted at the time of their annual 
heaUh^aire evaluation by one physician 
(A,S,), The study was approved by the 
Hospital Ethics Committee, and written 
informed consent was obtained from all 
subjects before inclusion in the ^tudy. 

Clinical evaluation was performed by 
means of a standardized questionnaire, 
modified from one ased by the British Oc- 
cupational Hygiene Society Committee on 
Hygiene Standards (11), and included 
questions about the presence of any iso- 
lated respiratory symptom (eg^ cough, 
sputum production [both recorded as oc- 
curring in the morning or all day], dys- 
pnea, and wheezing) or chronic bronchi- 
ds. Chronic bronchitis was diagnosed with 
the criteria defined by the American Tho- 
racic Society (12); symptoms chiefly con- 
sisted of cough vi^ith sputum production 
and occurred for at least 3 months a year 
for at least 2 consecutive years. The sever- 
ity of dyspnea was graded on a scale of 0 
to 4, where grade 0 — no dyspnea; grade 

1 - dyspnesi occurring only after strenu- 
ous activity^ such as climbing three flights 
of stairs^ heavy housework^ or walking 
more than 1 mile on level ground; grade 

2 ~ dyspnea occurring with light house- 
work or after climbing one flight of stairs; 
grade 3 = dyspnea occurring after mini- 
mai activity such as walking one or two 



Abbreviationst FEVi ^ fotted expiT^tory vo!' 
nme in 1 second, FVC t^' forced vita! capacity, 
HRCT = high-resolution CT, MEF = maxrmai 
expiratory Row, MMEF - maximal midexpira- 
tory How. 
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blocks on level ground; and grade 4 — 
dyspnea at rest or with eating or talking. 

Subjects were included in the study on 
the basis of {a) knowledge of their medical 
background (eg, whether they had previ- 
ously undergone chest surgery; whether 
they had pleural disease or previous respl- 
ratory iUness, especially bronchiolitis of 
any origin in previous years or in infancy; 
and known exposure to environmental 
and/or occupational poHutanfe); {h) kirtowl- 
edge of their smoiking history {quantitative 
estimates of the number of cigarettes con- 
sumed {number of pack-years) and dura- 
tion of cigarette consumption {tola3 life-tkne 
cigarette consumption]); and (c) absence 
of respiralory compJaints. The latter crite- 
rion led to inclusion iii the study group of 
subjects with a truly normal clinical evalu- 
ation or minimail respiratory symptoms^ 
varying from isolated symptoms (cougii, 
sputum production^ or dyspnea after 
strenuous activity) to mild chronic bron- 
chitis, that were only detected by means 
of the questionnaire and commonly con* 
sidered as "normar' symptoms among 
smokers. 

We systematically excluded subjects 
with severe dyspnea (grades 2 or 3) and all 
forms of chronic bronchitis complicated by 
respiratory infections and /or right ventric- 
ular failure. Subjects werp also excluded 
from the final study group if evidence of 
extensive intrathoradc abnormalities (eg, 
parenchyniai sc^rs; infiltrates of unknown 
origin) waS; seen at CT or if they did not 
co^mp]et|e ail the phases of the study. Our 
nail stti dy group comprised 1 75 subjects 
(3 15 WoEiien, 60 men) ranging in age hrom 
20 to. 55 years (mean plus or minus stan- 
dard deviation^ 33.4 years ± 6-87). TTie 
group was separated into current srnokers 
(srnoked rt^guIa^ly for more than 5 years; 
n ™ 98); ex-smokers (have not smoked for 
more. than 2years; « ™ 26), and nonsmok- 
ers (n — 51), Pulmonary function tests 
were performed immediately after clinical 
evaluation; chest radiographs (posteroan- 
terior and iate*^l views) and CT scans 
were obtained within 3 weeks after inclu- 
sion in the study. 

Pulmonary Function Tests 

Pulmonary function tests were per- 
formed to obtain flow-volume curves. 
Maximum expiratory fiow-volume curves 
were obtained by measuring flow with a 
pneumptachygraph (Spiroanalyser ST- 
300; Fukuda, Nagareyama, Japan), Calibra- 
tion of the pneumotachyg^ph, maneu- 
vers performed, and selection of curves 
met the American Thoracic Society guide- 
lines (13,14), The following parameters 
were evaluated; forced vital capacity 
(FVC); forced expiratory volume in 1 sec- 
ond (FEV,); ratio of FEVi to FVC; maximal 
expiratory flow (MEF); maximal expiratory 
flow at 75%. 50%, and 25% of FVC (MHF 
75, MEF 50, MEF 25); maximal midexpira- 
tory flow (MMEF); and midexpiratory 
flow at the end of expiration (MEF 25-15). 
Except for MEF 50/MEF, all spirometric 
values were expressed as a ratio of mea- 
sured to predicted values. Prediction 



equations were previously given by Knud- 
son et al (15,16) for all parameters except 
MBF 25-15, which were obtained from 
Morris (17). Because of the technical limi- 
taiiorts of the apparatus used in this proto- 
col, diffusing capacity was not measured. 

Chest Radiography 

Posteroan tenor and lateral chest radio- 
graphs were interpreted in random order 
by two chest radiologists jf.R.) in- 

dependently of interpretation of the CT 
scans. The observers had no knowledge of 
the subject's smoking history^ symptoms, 
or results of pulmonary function tests; fi- 
nal interpretation was obtained by con- 
sensus. Each radiograph was evaluated for 
the presence of a Jow-positioned dia- 
phragm (defined as flattening of the dia- 
phragm) and/or widened costophrenic 
angles (defined as rounded, rather than 
sharp, inferior margins of the lateral costo- 
phrertic angles), focal or di^se oligemia, 
and bullae; emphysema was diagnosed if 
at least two of the above criteria were met. 
Presence of thickened bronchial walls, ei- 
ther seen on-end or as txiarn-iine shiadows^ 
was also assessed. Interobserver . agree- 
ment was calculated as the number of im- 
ages on which the two observers agreed 
divided by the total number of images- 

CT 

Techniijue,""'CT was performed with ei- 
ther an HIsont 2400 {Hackensack, NJ) or 
a Siemens Sornatom Plus (Eriahgen, Ger- 
many) unit Both conventional and high- 
resolution CT(HRCT) were performed in 
the sfarrie imagiiig session, f J" ^he conven- 
tional CT study, lO-mmrthicfc scans were 
obtained at IS-rnm intervals, extending 
from the lung apices to below the cbsto- 
phrenic angles, with a 350^auri field of 
view, a 512 k 512 reconstruction matrix, 
and either 130 kV and 315 mA (Elsdnt) or 
137 kV and 145 EnA (Siemens). Thick coUi- 
mation images were reconstructed with a 
high-spatial-frequency algorithm for pa- 
renchymal analysis. HRCT was performed 
with a 1-mm section thiclcness at 15-mm 
intervals witha512x 512 reconstruction 
matrix, either 1^ kV and 420 mA (Elscint) 
or 137 kV and 255 mA (Siemens), a Z40-mm 
field of view, and a high-spatial-frequency 
algorithm- 

HKCT was targeted to one lung to opti- 
mize the detection of fine parenchymal 
details; we chose to evaluate the right 
lung to reduce the adverse effects of car- 
diovascular motion artifacts, which c^n 
substantially compromise the overall qual- 
ity of parenchymal analysis of the left 
lung. Both techniques were performed at 
the suspended end-inspiratory volume 
with a 1-second (Siemens) or 2r-second (El- 
scint) scanning time, without intravenous 
administration of iodinated contrast mate- 
rial. All subjects were scanned in Ihe su- 
pine position. Additional sections were 
obtained with the subjects in the prone 
position, when necessary, to demonstrate 
the reversibility of dependent areas of at- 



tenuation. All images were obtained at 
window levels appropriate for lung paren- 
chyma (conventional CT, 1,4(K> and ™400 
HU; HRCT, l,7(K)and -600 HU). 

CT scans were interpreted indepen-- 
dently and in random order by each ob- 
server ( J.R,, M.RJ,), without knowledge of 
the subject's clinical history or smoking 
habits; the final interpretation was ob- 
tained by consensus. The interobserver 
agreemenf resulting from the indepen- 
dent analysis of conventional and HKCT 
scans (before final interpi^tation by con- 
sensus) was calculated as the number of 
images on which the observers agreed di- 
vided by the total number of images. 

Analysis. — Our CT analysis was based 
on the hypothesis that morphologic 
changes in smokers' lungs could.be de- 
tected with CT. Specific abnormalities 
evaluated included the following: {a) pa- 
renchymal and subpleural micronodules 
( <7 mm in diameter), which were ex- 
pected to iridieate the presence of respira- 
tory bronchiolitis and subpleufal intersti- 
tial anthra^cosis, respectiverly (size of 
nodular lesions was derived with previ- 
ously reported criteria for CT analysis 
[1$]); (h) areas of ground-glass aftenualipn 
(slightly hyperattenuaftng- areas in Which 
underlying vessels and bronchial vj^alls 
remain visible; detected only on liRCT 
scans), which were expected to result from 
accurnulatioh of inflairanatory cells in the 
alveolar spaces (smoker's alveolitis); (c) de- 
pendent areas of attenuation in the poste- 
rior lung (these areas .disappeared with 
the patient in the prone position; this CT 
sign was recorded in an attempt fo evalu- 
ate the relationship between small-airways 
disease and the presence of dependent 
areas of attenuation); (f/) emphysema^ 
characterized as areas of decreased attenu- 
ation and disruption of the vascular pat- 
tern^ usually lacking a well-defined wall 
(bullous emphysema was defined as re- 
gions of emphysema possessing a wall less 
than 1-2 mm ti^dg paraseptal emphysema 
was recorded as subpleural peripheral 
distribution of emphysema; each category 
of emphysema was coded separately); 
{e) bronchial abnormalities, including 
bronchial wall thickening (central bron- 
chial thickening was diagnosed when the 
bronchial v^all was at least twice as thick 
as that of normal bronchi; peripheral 
bronchial wall thickening was diagnosed 
with identification of peripheral bronchi 
with well-delineated bronchial walls), 
presence of bronchectases and bronchi- 
olectases (bronchioleclases was recogruzed 
by abnormal visualization of bronchi in 
peripheral locations (dilated bronchiolar 
divisions seen along their length when 
horizontal or peripheral "signet ring" 
signs When coursing in a vertical direc- 
tion]), and presence of abnormal bronchial 
content (mucoid impactions and/or bron- 
choceles); and (/) septal lines (thickened 
interlobular septa identified as fine linear 
areas of attenuation or as a polygonal pat- 
tern of multiple polygonal lines), expected 
to represent multiple interstitial anthraco- 
sis. In the evaluation of bronchial abnor- 
malities, a separate analysis of the central 
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Tablet 

Subject Characteristics 



Sntokets 
in - 98) 



Ex-srifokera 



{n - 51) 



Age {y>* 


33.0 ± 6.20 


36.1 ± 73R 


32,7 ±7^ 


Height (cm)* 
Weight {kg>* 


167S ± 7JS6 


168^ ± 10.08 




63.0 ± 11.43 


66.6 ± 15,76 


637 ± 10:20 


Cigarette consumption 
(pack-years)* 








12,8 £ 10.41 


11.7 ± 7.03 












Women 


63(64) 


18 (69) 


34(67) 


Men 


35(36) 


«(31) 


17(33) 



* Data are given as mean ± standard deviation. 
^ Numbers in pafcnthcses are pencentagcsi 



Table 2 

CUiucal Findmgs 



Clinical 
Finding 



Smokers 
(ft - ^) 



Ex-smokers 
(«-26) 



Nonsmokens 
(« = S1) 



Cough 

Morning 

AH day 
Sputum production 

Morning 

All day 

Chjpnic 
Dyspnea (grade 1) 



29(30) 
13(14) 

22(23) 
4(4) 
1 (1) 
40(41) 
32(33) 



3(12) 
1(4) 

2(S) 

0 

0 

10(39) 
1(4) 



3(6) 
1(2) 

2 {4) 

0 

0 

6(16) 



<.001 
<.001 



,004 
36 



.005 
<,00I 



Note.-^umbers in parentheses are pexoffntages, 
* Determined with tiie Fischer test 



(lobai: and se^enlai) and pedpheral 
(subsegmen tai and smaller) bronchi was 
performed. The CT signs were coded as 
present or absent on the two sets of CT 
scans obtained. 

To determine the distribution of paren- 
chymal abnprtnaljties^ the lungs were di- 
vided into the foHowing six area&i the up- 
per zones, superior to the level of th^ 
carina; the middle zorieSybetWeeh the 
level of the carina and the level of the in- 
ferior puimonaiy veins; and the lower 
zones, inferior to the level of the inferior 
pulmonary veins. Vertical^ ar^teroposte- 
rior, and central-peripheral distribution of 
parenchymal abnormalities were evalu- 
ated on the HRCrr scans. Tihe unilateral or 
bilateral distribution of dependent areas of 
attenuation was evaluated on conven- 
tional CT scans. 

Qualitative evaluation of the areas of 
ground-glass attenuation helped deter- 
mine the intensity and extent of the areas 
of increased attenuation* Areas of ground- 
glass attenuation were classified as (a) ho- 
mogeneous (involving all the lung with an 
equal degree and identified by means of 
the darker air bronchogram sign) or heter- 
ogeneous (various degrees of increased 
attenuation were seen throughout the 
luiig); (b) having low or high attenuation; 
(c) diffusely distributed or sparing areas of 
more normal Jung (classified as dissemi- 
nated); and (cf) having a segmental, sub- 
segmental, or lobular distribution. The 
number of pulmonary vascular sections 
through the areas of high attenuation 
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were classified as either normal or in- 
creased, the latter suggestive of increased 
lung.attenuation secondfaiy to increased 
cap3laiy blood volume. 

The percentage of lung involved with 
emphysema and areas of ground-glass 
attenuation on HRCTT scans was deter- 
mined with the sarrie scoring system and 
was respectively coded as the emphysema 
score and the ground-glass score. For that 
purpose, all HRCT scans shoving emphy- 
sema and areas of groundrgiass attenua- 
tion were considered. HRCT images were 
analyzed by using a four-point scale, 
where 0 = norma], 1 = emphysema or ar- 
eas of ground-glass attenuation involving 
less than 25% of the image, 2 - emphy- 
sema or areas of ground-glass attenuation 
involving 25%-50% of the image, 3 = em- 
physema or areas of ground-glass attenua- 
tion involving 50%™75% of the image; and 
4 - emphysema or areas of ground-glass 
attenuation involving more than 75% of 
the image. The scores of all the HRCT im- 
ages in a zone (ie, upi^er, middle, or lower 
zone) were averaged to obtain a zonal 
score. The scores of the three zones were 
summed to give a total score. Scores could 
range from 2:ero to 12. A consensus score 
was obtained for each patient. 

Statistical analysis was performed with 
SAS software (Gary, NC) with a Tandon 
386/20 microcomputer (Moon Park, Calif), 
The means, standard deviations, and fre- 
quencies were calculated. Comparisons of 
quantitative data were made with one- 
way analysis of variance (general linear 



model procedure) and Student t tests. 
Analysis of contingency tables was per- 
formed with the or Fischer exact test 
when table cells had expected values of 
less than five. 

RESULTS 

Clinical, Fuitcfiioiial^ and 
Radiographic Findings 

Characteristics of the population 
are reported in Table 1, Smokers con- 
sumed an average of 15 cigarettes a 
day. The three groups did not signifi- 
cantiy differ in age, height^ weight, or 
proportion of men to women. There 
was a higher percentage of women in 
each group than there were male 
smokers. These data reflect the sex 
ratio in the working population a^ked 
to participate in the study. 

Table 2 summarizes the clinical data 
obtained from the questionnaire in 
the three groups studied. There was a 
significant correlation between cur- 
rent cigarette consumption and the 
presence of cough (morning and all- 
day cough, P < .ODl), morning mu- 
cous sputum production (P = 004)^ 
and wheezing (P < .001). There was a 
significantly higher percentage of 
dyspnea in smokers and ex-smokers 
than in nonsmokers (P - .005). It is 
notable that a few of the nonsmokers 
had clinical symptoms. 

Results of pulmonaEy function tests 
are summarized in Table 3, An overall 
normal puimonary function was ob- 
served in the three groups; signifi- 
cantly lower values of FEVi/FVC 
MMEF, MEF 25^15, and MEF 25 were 
seen in ex-smokers. Smokers had sig- 
nificantly lower values of MEJP 25-15 
compared with nonsmokers. Mo ra- 
diographic evidence of emphysema 
or abnormal bronchial wall thickening 
was found in any of our subjects; the 
interobserver coefficient of agreement 
was 95% for emphysema and 92% for 
abnormal bronchial wall thickening, 

CT Findings 

HRCT depicted parenchymal ab- 
normalities with a higher firequency 
than did conventional CT (Table 4). 
Similar results were observed in the 
evaluation of abnormal bronchial wall 
thickening; however, HRCT scans 
were viewed with a higher window 
center (-400 HU) than conventional 
CT studies {—600 HU). Interobserver 
agreement resulting from separate 
analysis of conventional CT scans in 
all three groups was 94% for paren- 
chymal micronodules, 96% for sub- 
pleural micronodules, 97% for em- 
physema, 84% for bronchial wall 
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thickening, and 100% for both depen- 
dent areas of attenuation and septal 
lines. 

Detailed results of HRCT studies 
are summarized in Table 5. interob- 
server agreement resulting from sepa- 
rate analysis of HRCT studies was 
100% for dependent areas of atten- 
uation and septal lines for all three 
^oups: For sitibkers, ex-smokers, and 
nonsmokers, interobserver agreement 
was 96%, 100%, and 100%, respec- 
tively, for parenchymal micronodules; 
92%, 100%, and 100%, respectively, 
for areas of ground-glass attenuation; 
98%/l00%,and 100%, respectively, 
for emphysema; 93%, 92%, and 100%, 
respectively, for abnormal bronchial 
wall thickening; and 9^%, 77%, and 
96%^ respectively, for subpleurai mi- 
cronoduies. 

Smokers. — ^HRCT depicted paren- 
chymal micronodules in 26 of the 98 
smokers (27%). These nodules were 
2-3 mm in diameter, had no definable 
relation to the secondary pulmonary 
lobule, land were ill defined, never 
obscuring adjacent pulmonary vessels 
(Fig 1). Parenchymal nodules were 
observed exclusively in the upper 
lung zones in 19 of the 26; subjects 
(73%), in the anterior and posterior 
zones in 21 (81%), and in the crentral 
and peripheral zone^ in 22 (85%). 

Areas of ground-glass attenuation 
were seen in ^ of the 98 smokers 
(20%) £ind we^re observed exclusively 
in the upper lung zones in 15 subjects 
(75%) and in the upper, middle, and 
lower lung zones in five (25%), All 
areas Of ground-glass attenuation 
were homogeneous and slightly hy- 
perattenuating; norma! pulmonary 
vascular sections were seen through 
the hyperattenuating area in all sub- 
jects. Areas of ground-glass attenua- 
tion were diffusely distributed in 15 
smokers (75%) and spared some nor- 
mal lung (ie, disseminated) in five 
(25%) {Figs 2r 3, 4b). Fourteen subjects 
had a ground-^ass score of 4, three had 
a score of 3, and three had a score of 2 

Emphysematous changes, detected 
in 20 of the 98 smokers (20%), were 
observed exclusively in the upper 
zones in 13 subjects (65%) and in both 
the upper and middle zones in seven 
(35%); the predominance in the up- 
per zone was signiScant (P < ,01), 
Morphologic features of emphysema 
were as follows: Emphysema was bul- 
lous in 14 subjects (70%), nonbullous 
in 18 (90%), and paraseptal in 15 
(75%) and was diversely distributed 
throughout the lung (Fig 2). Emphy- 
sematous changes had a peripheral 
distribution in 13 subjects (65%), were 
exclusively seen in the posterior lung 



in nine (45%), and were anteriorly 
and posteriorly situated in 11 {55%), 
A low total emphysema score was 
always observed: 17 subjects had an 
emphysema score of 1, and three had 
a score of 2. 

HRCT depicted abnormal bronchial 
wall thickening in proximal and pe- 
ripheral bronchi in 32 smokers (33%) 
without any other bronchial abnor- 
maiity (Figs 1, 4b), Dependent areas of 
attenuation were seen in 33 smokers 
(34%) and were observed exclusively 



Table 3 

Resulfs of Tvimtmsixy Function Te^Ss 



Note, — NHumtbent in parentheses are percentages. 
* Oetexmined wifti the Fischer test. 



Tj^leS 

liRCT Findings 



Parendtyma] imcronodtiles 1^ pT) 
Areas of ground-glass 

attenuation 20 <21} 

Emphy^emA 20 (21) 

Bronchia! wall thickening 32 (33) 
Dependent areas of 

attenuation 33 (34) 

Septal lines 6(6) 

Sidapleoral mte>nodule^ (^J 



Mole. — Numbers in parentheses are percsiitages. 



in the lower zones in 12 subjects 
(36%), in the middle and lower zones 
in 17 {52%), and in the upper^ middle, 
and lower zones in four (12%), but 
were never exclusively seen in the 
upper zones* This CT sign was unilat- 
eral in eight of the 33 subjects (24%), 
and was on the right side in seven 
(21%) and on the left side in one (3%). 
Dependent areas of attehiiation were 
bilateral in 25 subjects (76%) and were 
symmetric in 15 (60%) and right-sided 
in 10(40%). 



1(4) 


0 


<.O0I 


1(4) 


0 


.001 


2(8) 


0 


<.001 


4(16) 


9(18) 


J)6 


U(43) 


6<I2) 


,003 




4(8) 




10(39) 


11(23) 





Smokers Ex-smokers Mommokers 
Finding (w = ^) (n = 26) (n - 51) P Value 





Smokers 






Parameter 


(n-98) 




(«-51) 


FVC 


1.03 ± 0.122 


1.01 ±o.n 


1.04*0,155 


FEVi 


L03 + 0J30 


0.9a ^0.130 


1.05 * D.144 


FEVi/FVG 


1.00 ± 0,070 


0-97 ± aoea 


1,01 * D.064 


MEF 75-25 


1.02 ± 0-2S2 


0^ A 0:212 


1.04 0.204 


MEF 25-15 


1,05 ± 0373 


O^^D^ 


1,18 a: 0J«9 


MEF 


1,12*0,193 


1,07*0,192 


1,12 ± 0.187 


MEF75 


1.17 ±0.253 


LM± 0,257 


1,15 * 0^ 


MEF 50 


1.03 ± OJ26& 


Q.92. ± 0437 


1.02 ± 0^15 


MEF25 


0.93 ±0314 


0.79 a: 0.295 


I.0J*0,^ 




055 ± 0,127 


0J51 ±0-131 


0,56 * 0.132 



Analysis of 
Vanance 



F==0.43(P 
F™2.2(?=^ 
F ^ 3.1 (F - 
P^4,0(P^ 
F-5,7<P- 

F = OJa<P = 
F = 2.a(P = 

F=.a9(P = 



-10) 
.04) 
,01) 

sm) 

AT) 
77} 
.13) 

,006) 
37) 



NDte.~™Te$t cepults are expressed as meaj^tureid to pre^krted ratios and are presented as nitean ± stan- 
dard deviation. Despite oame statistically sagFii&arii ditferences between groupati tiie restilts are within 
lite nprnial ranj^, thus exdnding presence c>f smaU-akways In the pc^nxlation studied. 



Tabled 

Oetectipn of 0TO«c3:tct|mteimaiy AlmomijaJitieB with CotsvoitEOtial CT and HRCT 



Hnding 



Conventional CT 
(n = 175) 



HKCF 
(n = 175) 



P Value' 



MicvonodLileB 

Panniidiyntal 

Snbpleura] 
Arena of ground-gjass 

attenuation 
Emphysema 

Bronchia] wall Uuckening 
Dependent areas of 

attenuatlDn 
S^^ptal lines 



5(3) 
16(9) 



15(9) 
17(10) 

50(29) 
0 



27(15) 
58(33) 

21 (12) 
22(12) 
45(26) 

a>(29) 
12(7) 



.01 
.001 



<.001 
<.001 



<.01 
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Subplcural micronoditles were ob- 
served in 37 smokers (38%), were al- 
ways of low profusion (less than five 
micronodules), and were situated 
posteriorly in 35 subjects (95%) and 
superiorly in 31 {S4%) (Fig Ic). 

Forty-six subjects had parenchynrtal 
micronodules or areas of ground-glass 
attenuation. In 29 subjects (63%)^ 
those abnonnalities were seen in ar- 
eas with no detectable emphysema- 
tous changes; abnormal bronchial 
wali thickening was detected in five 
of those 29 subjects. 




Ex-sn^oiters— Parenchymal micro- 
nodules were observed in only one of 
the 26 ex-smokers (4%), with the same 
pattern at HRCT as that observed in 
smokers. Parenchyma! micronodules 
were seen exclusively in the upper 
iung zones and were di^usely distrib- 
uted in the transverse plane. Areas of 
ground-glass attenuation were seen 
in one subject (4%). These areas were 
located exclusively in the upper lung 
zone^ were of low attenuation, and 
were diffusely distributed. The in- 
creased lung attenuation was homo* 
geneous, and vascular sections were 
normal; the total ground-giass score 
was 2. Areas of ground-glass attenua- 
tion and micronodules were not seen 
in the same subject. 

Emphysema was detected in two of 
the 26 eX'Smokers (8%) and was ob~ 
served exclusively in the upper lung 



zouesj was paraseptal and bullous^ 
and involved the posterior part of the 
lung. Both subjects had a total em- 
physema score of 1. Four subjects 
(15%) were considered to have abnor- 
mal bronchial wali thickeningr of both 
central and peripheral bronchi, with- 
out any other bronchia! abnormality. 
Dependent areas of attenuation were 
observed in 11 ex-smokers (42%) and 
were seen exclusively in the lower 
zones in nine (82%) and in the middle 
and lower zones in two (18%), These 
dependent areas of attenuation were 
unilateral in six subjects (55%) (right- 
sided in five, left-sided in one) and 
bilateral in 0ve (45%), When bilateral, 
these areas always had a symmetric 
distribution. 

Subpleural micronodules were ob- 
served in 10 ex-smokers (38%) and 
were always of Sow profusion (less 



^Figure 1. Parenchyrnal micronodular patterns m.smpkej''$ luiig- (a) HRCT scan at the level of 
the right upper lobe in a 34-ye^r-oId smoker shpws faint parenchymal micronod u!es in the 
: central and peripheral parts of the lung. This appearance is ckarly different from that of the 
trachea, which represents ijmage noise; Mild bronchial waH thickening on the peripheral bron- 
chi and a subpleural, posteriorly situated inicronodule (arrow) are also seen, (b) HRCT scan at 
the leyeJ of the right upper lob« in a 29-year-Qld smoker. Small tU-defined micronodules are 
visible in the axilJaiy area and the posterior segment, sparing the anterior lung and different 
h-pm image noise observed in right and left niain brbnchL(c) HRCT scan at the level of the 
. right lower lobe in a 337year-old smoker sh ovys smiaH npduiar areas of increased attenyation 
(arrows) diffusely distributed throughout the lower lobe. Ad|acent vessels are visualized. Note 
dependent areas of attenuation and. mild peripheral bronchial wall thickening. 
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Figures % 3. (2) HKCT scan at the level of the right upper lobe in a ZS-year-old smoker 
shows areas of ground-glass atlenuadon diffusely distributed through the lung and responsi- 
ble for the darker ajr foronchogram si^n. Note the small emphysemaitous areas in the subpleu- 
ral dxiitary region (arrows) and the central part of the lung (-arrowheads). <3) HRCT scan at the 
levei of the right upper lobe m a 31-year-old smoker demonstrates mtuJtifoca! or disseminated 
distHbution of areas of ground-glass attenuation altemaSing with more normal lung. 



than 6ve micronodules). These micro- 
nodules were posteriorly situated in 
nine subjects (90%) and superiorly 
situaled in e\%hk (80%). 

Nonsmokcrs. — CT did not depict pa- 
renchyinal micronoduies, areas of 
ground-glass attenuation, or emphy- 
sema in any nonsmokers. However, 
we observed abnormal bronchial wall 
thickening in nine subjects (18%) (ex- 
clusively in central bronchi and with- 
out any other bronchial abnormality). 
Dependent areas of attenuation were 
seen in six subjects (12%) and were 
udilateral in five (83%) {right-stded in 
three, left-sided in two) and bilateral 
(wsth a symmetric distribution) in one 
(17%), Subpleural micronodules were 
observed in 1 1 nonsmokers (22%)^ 
were alway^ of low profusion (less 
than five micronodules), and were 
posteriorly and superiorly situated. 
Fine, nondistorted septal lines were 
observed in the center of both lower 
lobes, with almost the sairie frequency 
as that seen in the other two groups 
studied. 

To evaluate the importance of le- 
sions detected with CTT in the three 
groups studied^ CT scans were sepa- 
rated into four categories: category 
0 ^ normal, and categories 1, 2^ and 
3 = one, twb^ and at least three CT 
abnormahties, respectively. Detailed 
results on the distribution of abnor- 
mal CT findings among the popula- 
tion studied are summarized in Fig- 
ure 5a. Among nohsmokers> CT scans 
w^re normal in 29 of the 51 subjects 
[577o) and abnormal in 22 (43%). Four 
abnpnnalities, diversely distributed^ 
were seen on CT scans in nonsmok- 
ers: subpleural micronodules, bron- 
chial wall thickening, dependent ar- 
eas of attenuation, and septal lines. 

Eighteen of the 98 smokers {XB%) 
had normal CT scans (category 0), 
whereas SO smokers (32%) had cate- 
gory 3 scans. There was a sigriificant 
difference in cigarette consumption 
between smokers with category 0 
scans and those with category 3 scans 
{eight and 13 pack-years, respectiveiy; 
P < ,05). It is notable that parenchy- 
mal micronodules and areas of 
ground-glass attenuation were the 
two CT findings that enabled differ- 
entiation of the three groups. Fre- 
quency of the CT signs detectable in 
smokers according to CT categories 
are summarized in Figure 5b, When 
erriphysematous changes were de- 
tected at CT in smokers or ex-smokers 
(n = 22), it was an isolated finding in 
two subjects (9%) and was associated 
with one or more of the following 
abnormalities in 20 (9l%): parenchy- 
mal micronodules (35%), subpieura! 



micronodules (35%)/ bronchial wall 
thickening (40%), dependent infil- 
trates (45%), and nondependent areas 
of ground "glass attenuation (45%). 

Clintcal^ Functional^ and CT 
Correlations 

The following parameters were sig- 
nificantly correlated for all three 
groups: (a) early morning cough with 
emphysema (P — .003) and bronchial 
wall thickening (P = .001), (f?) all-day 
cough with bronchial wall thickening 
{P - .005), (c) early-day sputum pro- 
duction with emphysema (P = .05) 
and bronchial wall thickening (P - 
.001), (d) dyspnea with emphysema 
(F = ,02) and bronchial wall thicken- 
ing (P = .009), and (e) wheezing with 
parenchymal micronodules (P < 
.001), emphysema (P = .002), and 
bronchial wall thickening (P < .001). 

Of the abnormal CT findings in the 
three groups studied, emphysema 
and abnormal bronchial wall thicken- 
ing were the only CT signs observed 
with significantly lower functional 
parameters. Patients with emphysema 
had significantly lower values for 
FEVi/FVC {t - 1.94, P - .005) and 
MEF 75 (t - 2,44, P = .001), The pres- 
ence of central or peripheral bron- 
chial wall thickening was observed 
with significantly lower values of 
MEF 75 [t = 2,90, P - ,004) and MEF 
50 {f ^ 2.02, P .04). Dependent areas 
of attenuation were observed with 
higher frequency in current and ex- 
smokers than in nonsmokers; how- 
ever, no correlation was found be- 



tween this CT sign and abnormal 
pulmonary function, especially with 
functional parameters evaluating 
small-airways obstruction- 

DISCUSSION 

In our study, we excluded smokers 
with physician-diagnosed respiratory 
disease or previous history of respira- 
tory bronchiolitis of any cause; all of 
our subjects perceived themselves to 
be healthy- Despite this perceived 
good health, however^ a few subjects 
had mild symptoms of simple chronic 
bronchitis, commonly considered by 
smokers as "normal" symptoms, al- 
though their pulmonary functions 
were normal. However, single-breath 
nitrogen washout and closing capac- 
ity tests, which are sensitive for early 
detection of smalTairways disease, 
were not performed in our study (19). 

If inflammation in the airways is 
present in most smokers, it has been 
speculated that clinically important 
airways obstruction will develop only 
in those in whom the inflammatory 
response is associated with excessive 
connective tissue deposition, often 
observed in heavy smokers (1,4-6). 
Absence of functional impairment in 
our study population, comprising 
healthy, middle-aged smokers, is con- 
sistent with physiologic studies in 
young smokers whose spirometric 
values are unchanged or only mini- 
mally altered (1,20,21). Jaakkola efc ai 
(20) have recently observed that ciga- 
rette smoking has a dose-related ad- 
verse effect on the evolution of the 
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Fi^re 4. Abnormal bronchial wall thickness, (a) HRCT scan &t the level of the inferior pulmonary vein in a 35-year-old asymptomatic: non- 
smoker shows normal central.and peripheral bronchi with thin, sharply defined walls and normal lung attenuation, (b) HRGT scan at the level 
of the right inferior pulmonary vein m a 29-year-oSd smoker shows marked abnormai bronchial wail thickening in the central and peripheral 
bronchi. Presence of a darker air bronchogram in the middle and lower lobes helps recognize areas of ground-glass attenuatiort. Note the mild 
interlobular septal thickening in the medial segment of the middle lobe (arrows). 
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Figure 5, (a) Relationship between lung abnormalities detected with HRCT and smoldng habits. The relationship was statistically significant 
(P < .001). (by Frequency of abnorm^Hties in smokers according to CT category, PMN = parenchymal micronodules, SPMN ^ subplettr^l mi- 
cronodules, EMPH ^ emphysema, BrW ^ bronchial wall thickening, DA = dependent areas of attenuation, GG areas of ground-glass attenu- 
ation. 



ventilatory lung function in yoting 
adults. These data explain v^^hy the 
idea that pulmonary function tests 
enable detection of "early" and po- 
tentially reversible lung disease is 
controversial and that the need for a 
sensitive means of early detection of 
chronic obstructive puimonary dis- 
ease is stiil present (5,7^). 



Pathologic similarities of bronchiol- 
itis resulting from environmental in- 
sult (23) and cigarette smoking (1-3) 
have led us to postulate that small to 
medium-size lesions in smokers could 
be detected with CT as parenchymal 
micronodules. In our study, we ob- 
served small parenchymal micronod- 
ules of low attenuation in 27% of cur- 



rent smokers, with an exclusive 
distribution in the upper lung zones 
in 71 % of cases. These micronodules 
were seen in a few ex-smokers but 
were never seen in nonsmokers, sug- 
gesting a possible relationship with 
smoker's bronchiolitis in the absence 
of any history of respirator/ illness or 
occupational or environmental expo- 
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sure to pollutants in the population 
studied, 

HRCT depicted abnorrnalities as 
small nodular areas of increased at- 
tenuation, with ill-defined borders^ 
scattered throughout the lung paren- 
chyma. These abnormalities had no 
definable distribution mthin the sec- 
ondary pulmonary lobule and were 
sometimes di^cult to differentiate 
from heEerpgeneous areas of ground- 
glass attenuation. Reliable detectabil- 
ity of these subtle abnormalities is 
closely related to a cautious interpre- 
tation of HRCT images because of the 
welMcnown impact of window width 
and level on the appearance of the 
lung parenchyma and the dimensions 
of visualised structures. Care must be 
taken to avoid low window settings 
with narrow window widths, which 
leads to preferential magnification of 
small structures and, thus, spuriously 
creates a false impression of a micro- 
nodular pattern. The lesions observed 
in smoker's lung can be diagnosed 
only with a correct choice of the win- 
dow settings used for f>botqg^aiphy of 
HRCT imiages^ that is> a targe window 
width (range, 1,500^2,000 HU) and 
high window level (range, —500 to 
-700 HU). 

VViE believed that We could detect 
macrophage alveolitis, a constant 
finding: at bronchoalveoalar lavage or 
pathologic examiriation of a specimen 
from a smokei's lurtg; with CT as areas 
of ground-glass attenuation. Because 
areas of ground -glass a ttenuatibn 
have been described in associaHon 
with various inflammatOTy processes 
involving the alveolar spaces and/or 
the interstitium of patients with 
chronic diffiise infiltrative lung dis- 
ease, we expected to find them in 
smokers' lungs on HRCT images (24), 

Areas of ground-glass attenuation 
were observed in 21% of smokers and 
in only one ex-smoker but were never 
detected in nonsmokers. Areas of 
ground-glass attenuation consisted of 
areas of increased iung density^ were 
always homogeneous, and were 
slightly hyperattenuating. Areas of 
ground'glass attenuation were dif- 
fusely distributed in 75% of the sub- 
jects arid spared some normal lung in 
the remaining 25%. In cases of mild 
and heterogeneously distributed gra- 
dients of attenuation in the lung pa- 
renchyma, it was sometimes diifticuit 
to distinguish a pattern of normal 
lung with areas of ground-glass atten- 
uation from that of areais of abnor- 
mally low attenuation with normal 
lung. If increased lung attenuation is 
related to increased cellularity within 
alveoli in smokers, its pattern may 



also reflect areas of disparate lung 
perfusion resulting from air trapping 
in patients with bronchiolitis, espe- 
ciaDy when disseminated. Increased 
regional differences in lung attenua- 
tion on expiratory scans would have 
supported our hypothesis, but addi- 
tional expiratory scans were not sys- 
tematically included in our protocol. 

We never observed large pulmo- 
nary vascular sections within areas of 
increased lung attenuation. Increased 
diameter of pulmonary vessels is a 
useful CT indicator of areas of 
ground-glass attenuation related to 
redistribution of blood Qow in pulmo- 
nary diseases, but it may vary accord- 
ing to the severity and extent of the 
underlying pulmonary process (24), 
Optimal assessment of areas of 
ground-glass attenuation also re- 
quires awareness of the influence of 
window settings on the appearance 
of ptiimpnary structures and analysis 
of lung; attenuation; the use of low 
window seffirigs can cause a so-called 
ground-glass apipearance. Despite the 
siibjecdvify of the visual assessment 
of mild parenchymal changes, such as 
areas of grouhd-glass attenuation and 
micronoduies;. the high interobserver 
agreement iri oiir study indicates that 
these subtle findings can be reliably 
detected on HRCT scans. 

Many invesligators htave evaluated 
the roli^ of smoMng in the pathogene- 
sis of emphysema, but, to our knowl- 
edge, there have beenfew reports 
coiicerniiig the evaluation of the em- 
physematous changes in smokers. As 
previously reported (10,25-27), HRCT 
is the most sensitive method available 
for de^tection of mild emphysema. In 
our study, HRCT enabled us to make 
a definitive diagnosis of emphysema 
in smokers and ex-smokers despite 
nondiagnostic radiographic and pul- 
monary function test findings. How- 
ever, we performed only a limited 
evaluation of pulmonaiy function 
because of the limitations in the mate- 
rial used^ thus precluding measure- 
ment of diffusing capacity, known as 
a sensitive indicator for emphysema 
(27), The low frequency of emphy- 
sema in our poptilation has to be in- 
terpreted in ligjbt of the report by 
Auerbach et al (26), who demon- 
strated that^ among subjects who con- 
tinue to smoke, the degree of disease 
increased mth age. 

The transverse distribution of em- 
physematous changes observed in 
our study are consistent with the ob- 
servation that centriiobular emphy- 
sema is often distributed irregularly 
or in a patchy fashion within the 
lungs (2930), Moreover, the upper 



lobe predominance of emphysema on 
HRCT scans confirms well-established 
pathologic data (31™*33). A striking 
finding in our study was that paren- 
chymal micronodules, areas of 
ground-glass attenuation, and em- 
physema were observed with a simi- 
lar predominance in the upper lung 
zones, suggesting that these morpho- 
logic changes were induced by ciga- 
rette smoke. Moreover, these CT find- 
ings also support previously reported 
data suggesting a causal association 
between small-airways disease and 
emphysema (3,7). It is assumed that 
the inflammatory process is a precur- 
sor of the destructive changes that 
occur in the bronchioles, thus result- 
ing in centroacinar emphysema (1,3). 

Analysis of the bronchial wall is 
markedly influenced by the choice of 
window settings; however, the CT 
numbers used in our study enabled 
us to exclude falsely prominent bron- 
chial walls, a feature commonly seen 
when low window settihgs are used. 
However, the position of the window 
center has an important effect on the 
apparent dimensions of Structutres on 
the CT image :{34). In ottr study, varia- 
tion in the window centers selected 
for conventional CT.{-400 HU) and 
HRCT (-600 HU) could explain the 
dtfiferences observed between the two 
CT techniques in the detection of 
bronchial waU thickening. On HRCT 
scans, abnormal bronchial wall thick- 
ening of central and peripheral bron- 
chi was observed with a significantly 
higherfrequency in smokers; this 
finding was also observed in ex-smok- 
ers With mild clinical symptoms and 
in a few asymptomatic nonsmokers. 
Because our study was based on a 
visual and, thus, subjective analysis of 
bronchial wall thickness, we cannot 
exclude an overrecognition of mild 
bronchial abnormalities. However, 
the CT Endings have to be interpreted 
in the context of clinical data, and the 
presence of mild respiratory symp- 
toms in nonsmokers suggests the 
presence of actual bronchial irritation 
tn this group. 

It is well known that small-airways 
responses to cigarette smoke are not 
speriiic and that other causes for 
small-airways disease may exist (1,7). 
In the absence of asthma, occupa- 
tional exposure to pollutants, or other 
environmental conditions, the contri- 
bution of air pollution to the develop- 
ment of chronic bronchitis in our pop- 
ulation of urban dwellers may be 
questioned. Because cigarette smok- 
ing is a well-known cause of simple 
anthracosis located subpIeuraUy, the 
presence of subpleural micronodules 
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in healthy adult smokers is not sur- 
prising. The low profusion of these 
micronodules^ their predominanl dis- 
tribution in the posterior and superior 
subpleural areas, and the absence of 
confluence in large pseudoplaques 
are the most useful features to differ- 
entiate them from subpleural micro- 
nodules that occur in chronic dlfePuse 
interstitial Jung disease (35). How^ 
ever/subpleurai mlcronodules were 
detected in 22% of our nonsmokers^ 
which may be suggestive of the influ- 
ence of urban Eving, another common 
cause of simple anthracosis located 
interstitially and subpleurally. 

Despite the absence of a pathologic 
substratum in our populaaon, the CT 
findings observed suggest that HRCT 
can help identify mild parenchymal 
abnormalities in smokers with norma! 
pulmonary function who present 
with minimal or no cHnica! symp- 
toms. These data confirm that, except 
in severe cases of widespread and 
extensive emphysema/ which are ac- 
curately depicted on chest radio- 
graphs, chest radiography cannot 
rdutiriely depict the presence of 
disease (29.36/37). This raises the pps^ 
sibiiity that early detection pf paren- 
chyirial abnormalities on HfeCfT^anSy 
after ceiss^tiori of smoking- .1^^^ help 
prevent the development of diisabling 
obstructive' airflow disease known to 
develop in a minority of ex-smokers 
(21/38). Because Our investigation was 
a CTpss-sectional study/ further longi- 
tudinal follpwrup is mandatory to 
evaluate bronchial, bronchioiar/ and 
parenchjonal changes over the years. 
Moreover, this study may help clarify 
the contentious role of cigarettes in 
the development of radiographically 
detectable opacities in populations 
with occupational exposure to alr- 
bome agents and may help detect 
respiratory illness in passive smok- 
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